Previous epidemiologic studies showed that obesity increased the risk of diabetic peripheral neuropathy (DPN). However, there is very limited data about the impact of body fat measured by body composition analysis in DPN. Methods: Subjects with type 2 diabetes mellitus (T2DM) between 20 to 55 years old were enrolled. DPN was diagnosed using the Michigan Neuropathy Screening Instrument. Body composition was assessed by bio-impedance analysis, and the association between body composition and DPN was investigated. Results: Among 65 subjects, 44.6% were diagnosed with DPN. Subjects with DPN had higher body mass index and waist circumference than subjects without DPN. Body composition data showed that fat mass, fat percent, and visceral fat area were higher in subjects with DPN than in subjects without DPN. Furthermore, the presence of DPN was associated with waist circumference (odds ratio [OR] 
INTRODUCTION
Diabetic peripheral neuropathy (DPN) is a prevalent and progressive microvascular complication of diabetes. 1 Early detection and prevention are essential in reducing DPN-related morbidity and mortality. To do this, risk factors of DPN must be identified. According to previous epidemiologic studies 2, 3 and intervention studies 4 , age, diabetes duration, smoking status, and components of metabolic syndrome including obesity are well-known risk factors for DPN.
There are five components of metabolic syndrome: central obesity, high blood pressure, low high-density lipoprotein (HDL) cholesterol, high triglycerides, and hyperglycemia. 5 Patients with diabetes already have hyperglycemia, but other modifiable risk factors such as hypertension, dyslipidemia, or central obesity can be addressed. Central obesity with insulin resistance is a key pathophysiologic factor of metabolic syndrome, so assessment of the relationship between obesity and insulin resistance should be investigated.
The Anglo-Danish-Dutch study of Intensive Treatment of Diabetes in Primary Care (ADDITION) study 6 and Cooperative Health
Research in the Region of Augsburg (KORA) study 7 consistently KORA studies enrolled patients that were older than 60 and 65 years, respectively. Body composition is influenced by menopause (or andropause for men) 8, 9 and age-related sarcopenia. 10 Therefore,
we enrolled young to middle adults to minimize the effect of aging on body composition. This study investigated the association between body composition, components of metabolic syndrome, and DPN in middle-aged adults with type 2 diabetes mellitus (T2DM). We hypothesized that body fat was highly associated with the presence of DPN.
METHODS

Subjects
Subjects diagnosed with T2DM were recruited. This is a subgroup analysis of an ongoing prospective observational study. The study plans to enroll 100 subjects annually, and there will be 500 final participants with T2DM. The study has been designed to investigate reliable tools and discover biomarkers for DPN. The current analysis was performed using subgroup data for the initial 2-year 
Assessment of DPN
DPN was diagnosed using the Michigan Neuropathy Screening Instrument (MNSI) 11 , which was validated in Korean patients with diabetes. 12 The MNSI is composed of two components, a 15-item self-administered questionnaire and a comprehensive physical examination. DPN was diagnosed when the MNSI-questionnaire (MNSI-Q) was ≥ 7 or MNSI physical examination was ≥ 4. 
Anthropometric and body composition measurements
Biochemical analysis
Participants visited the Endocrine Clinic after fasting overnight.
Blood glucose levels were measured by the hexokinase method, and glycosylated hemoglobin (HbA1c) levels were obtained by 
Statistical analysis
Data are shown as mean ± standard deviation or number with percentage. Means were compared between subjects with and without DPN using Student t-test or the Mann-Whitney U-test. Differences in sex, history of smoking, alcohol, hypertension, dyslipidemia, and antidiabetic medications were tested by chi-square test. Spearman's correlation analysis was performed to evaluate the association between neuropathy examination results, metabolic syndrome components, and body composition. Univariate and multivariate logistic regression models were used to estimate the association of clinical parameters and presence of DPN using odds ratios (ORs) with 95% confidential intervals (CIs). Statistical analysis was performed using IBM SPSS version 22.0 (IBM Corp., Armonk, NY, USA).
RESULTS
In this study, data from 65 subjects with T2DM was analyzed.
Among 65 subjects, 44.6% were diagnosed with DPN. There was no difference in age or sex between subjects without DPN and those with DPN. BMI was higher in subjects with DPN than in subjects without DPN (26.5 ± 4.3 kg/m 2 vs. 24.1 ± 3.2 kg/m 2 , P = 0.011).
SBP tended to be higher in the DPN (+) group, but lipid profiles were comparable between groups. HOMA-IR was significantly increased in the DPN (+) group compared to the DPN (-) group.
There was a numerically longer duration of diabetes in the DPN (+) group than the DPN (-) group, and subjects with DPN were more likely to be treated with insulin than subjects without DPN (Table 1) . (Table 4) .
When subjects were categorized according to their BMI and insulin resistance status, lean subjects with lower HOMA-IR were less likely to have DPN (18.5%). In contrast, the majority of subjects who were obese and had higher insulin resistance also had DPN (66.7%) (Fig. 1) .
DISCUSSION
In this observational study that included young to middle-aged adults with T2DM, 44.6% of subjects were diagnosed with DPN according to MNSI. Subjects with DPN showed higher insulin resistance and a greater degree of general and abdominal obesity.
Furthermore, the physical examination score of subjects with DPN was significantly associated with HOMA-IR, BMI, WC, and visceral fat area.
Among the five components of metabolic syndrome, central obesity was the most important risk factor for DPN in subjects with diabetes. In our study, the parameters of central obesity, WC, and visceral fat area were highly correlated with HOMA-IR (rho = 0.510 for WC, P< 0.001; rho= 0.366 for visceral fat area, P= 0.008).
In addition, the statistically significant association between DPN and visceral fat area diminished after adjusting for HOMA-IR (data not shown). Therefore, insulin resistance might be a key regulator between obesity and DPN. Insulin resistant status represents low grade inflammation 15 , which influences endothelial dysfunction 16 and microvascular complications. 17, 18 The KORA study proved that biomarkers of subclinical inflammation were associated with DPN progression. 19 Our study provides evidence of the pathophysiologic role of abdominal obesity and insulin resistance in DPN. However, hyperglycemic-euglycemic clamp studies or oral glucose tolerance tests at multiple time points are needed to measure insulin resistance more accurately.
Previous intervention studies showed that body weight loss decreased the incidence of DPN. 4, 20 Although secondary effects due to improved hyperglycemia after body weight loss cannot be ruled out, body weight management is an important intervention strategy for DPN. Studies have already shown the beneficial effect of bariatric/metabolic surgery on cardiac and sudomotor dysfunction. 21 However, we do not know whether other treatment modalities related to body weight gain, such as insulin therapy 22 , might contribute to DPN progression. In this study, a numerically higher proportion of subjects with DPN were treated with insulin than subjects without DPN. Further study is necessary to investigate the impact of insulin-induced weight gain on DPN progression.
Correlation analysis showed significant correlations only between obesity parameters and MNSI-PE. In contrast, there was no association between obesity parameters and MNSI-Q. Therefore, the only objective signs of DPN were related to metabolic parameters. Further investigation is needed to demonstrate the association between DPN and subjective symptoms. In line with our findings, physical examination might be more useful in clinical practice than questionnaire-based evaluation in subjects with obesity.
Previously, Won et al. 23 reported that the prevalence of DPN was 33.5% in Korean subjects with T2DM. The previous study enrolled subjects from both secondary and tertiary hospitals, while we enrolled subjects from a single tertiary hospital that patients were referred to by primary care physicians. Furthermore, DPN criteria were not the same between previous and current studies.
The previous study diagnosed DPN when both the MNSI-Q (≥ 3) and 10-g monofilament test were abnormal, while we diagnosed DPN using the MNSI-Q ( ≥ 7) and/or physical examination. The 10-g monofilament test is recommended to detect loss of protective sensation 24 , rather than to diagnose DPN, so we did not adopt the 10-g monofilament test to diagnose DPN. In summary, differences in the study population and diagnostic criteria are likely related to the different prevalence of DPN in different studies. Further multicenter prospective observational studies are necessary to confirm our findings.
This study has several limitations. First, a relatively small sample was analyzed. Accordingly, no significant association was identified between DPN and its traditional risk factors, such as age and diabetes duration. The current analysis was performed in a subgroup sample from a whole cohort population, and further confirmative analysis is mandatory to confirm the study findings. Second, electrophysiologic study was not used to confirm DPN. However, some proportion of DPN cannot be diagnosed by nerve conduction studies (NCSs) because small fiber neuropathy is often not detected by NCSs. MNSI has been validated for the diagnosis of DPN and is widely used in many epidemiologic studies. Third, other symptom scores were not analyzed. Fourth, middle aged people were enrolled. Therefore, the association between DPN
and body composition should be tested in elderly patients. The strengths of our study include assessment of abdominal obesity using not only anthropometric measurement but also bio-impedance analysis, although accuracy of bio-impedance analysis is limited with respect to measuring visceral fat area. 25 In conclusion, total obesity and abdominal obesity were associated with DPN, and insulin resistance might mediate obesity and DPN. The current study provided important insight into DPN as a clinical parameter in obesity intervention studies.
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